altitudes showed that the earlier theoretical analyses were in error in at least three respects. First, the degree of hyperventilation was much greater than we had expected; this has a powerful effect on raising the alveolar and therefore the arterial Po2. Next, the pH of the arterial blood was much higher than expected. This appears to be advantageous at these great altitudes because the left-shifted oxygen dissociation curve enhances loading of oxygen in the pulmonary capillary under conditions of diffusion limitation more than it interferes with unloading in peripheral capillaries. (5) .
Finally, the barometric pressure was higher than predicted. Pizzo obtained the first direct measurement on the summit, and the value was 253 Torr. It can be shown that ii0 2 rnax is exquisitely sensitive to barometric pressure at these great altitudes because this pressure determines the inspired, PO,. Indeed, this is probably the most critical factor, and a climber who plans to go to the summit without supplementary oxygen might do well first to consult his barometer on the morning of the climb!
The relationship between barometric pressure and altitude is interesting in its own right. Many years ago, Pugh (3) pointed out that barometric pressures in the Himalayas are considerably higher than predicted by the standard altitude-pressure tables that are routinely used for calibrating low-pressure chambers and for predicting the hypoxia of high-altitude exposure in the aviation industry.
In fact, Pizzo's measurement of 253 Torr on the summit was 17 Torr higher than the value of 236 Torr predicted by the International Civil Aviation Organization Standard Atmosphere.
The reason for this disparity is that the Standard Atmosphere is a model that averages pressures over all parts of the world.
However, barometric pressures in the range of 8-10 km altitude are markedly latitude dependent; the pressure is considerably higher at the equator than the poles. This is because there is a large mass of cold, heavy air in the stratosphere above the equator; paradoxically the coldest air in the atmosphere is above the tropics. This in turn results from convective and radiation phenomena.
The summit of Everest at 28"N enjoys this higher pressure which confers an enormous physiological advantage on the climber who is not using supplementary oxygen. Indeed, it is easy to show that if the barometric pressure on the summit were not increased by this climatic idiosyncrasy, it would be impossible for humans to reach the highest point on earth while breathing ambient air. ture within a narrow range, homeothermy, is a result of numerous physiological and behavioral adaptations. For example, when a person is exposed to a warm environmental temperature, excess heat is carried to the skin by increased skin blood flow. Large amounts of heat are lost from the skin surface by a variety of processes, with evaporation of sweat, secreted by specialized glands, being the most important heat-dissipating tiechanism, In addition, a large number of behavioral responses are triggered; these may include searching for a cooler microclimate (e.g., the shade of a tree), removing excess layers of clothing, and spraying the body with water to facilitate evaporative cooling. As a result, during exposure to heat a person's core temperature seldom rises more than one or two degrees above the normal 37°C. Exposure to cold results in responses designed to prevent heat loss, such as a decrease in blood flow to the skin, sweating, and numerous behavioral responses. Heat production is also increased, by shivering, a phenomenon unique to the so-called "warm-blooded" animals or "endotherms."
By careful regulation of these thermoregulatory reflexes, human beings are generally able to prevent body temperature from falling more than a fraction of a degree below 37°C.
The regulation of body temperature is largely controlled by neurons in the hypothalamus.
A comparison is often made between the hypothalamic area that controls body temperature and the thermostat that regulates the temperature of a house. The temperature around which a house (by analogy, a person) is regulated is called the "set-point" temperature.
Significant deviations from this set-point temperature will turn a furnace on or off. A person's "thermostat"
is generally set at a temperature of about 37°C. This set point varies among individuals and within any given person will vary about l"C, depending on the time of day, with body temperature usually lowest in the early morning and highest in the late afternoon or early evening.
Fever and the thermoregu set point la tory
For over 100 years it has been known that fever is not due to the faulty regulation of body temperature; rather, fever is the regulation of body temperature at an elevated set point. In his classic studies, Leibermeister found that the body temperature of a febrile subject returned to its previously raised level after warming or cooling of the body using water baths. This rise in the thermoregulatory set point, which can be as little as O.l"C or as high as 4"C, is triggered by virtually all infections.
Contact with a pathogen results in the initiation of many host defense responses, including the activation of a variety of phagocytic white blood cells. These fixed or circulating white blood cells, when stimulated, begin to synthesize and release a low-molecular-weight protein, endogenous pyrogen (which literally means "internal fever inducer"). Over the past several years it has become apparent that dozens of other host defense responses to infection are also triggered by the release of endogenous pyrogen, and the name of this important mediator of host defenses has been changed to interleukin 1. Interleukin 1 is thought to raise the thermoregulatory set point by stimulating the production of prostaglandins, a group of ubiquitous fat-soluble chemicals, in the hypothalamus.
Drugs that reduce fever, antipyretic drugs, are thought to do so by preventing the production of prostaglandins.
The feverish, or febrile, individual feels "cold" as a result of his/her thermoregulatory set point being elevated. This is because body temperature has not yet risen to the level of the elevated set point. Skin blood flow decreases, shivering begins, and a wide range of behavioral responses are initiated, all of which tend to facilitate a rise in body temperature. When the infection ends, or after aspirin or other antipyretic drugs have been taken, the thermoregulatory set point returns toward normal. This results in thermoregulatory responses, such as increased skin blood flow (the flush), sweating, and many behavioral responses, that allow body temperature to return to the lower levels.
Is fever good for you?
From a purely practical standpoint, a fever can be useful to an individual as a readily available index of health status. It is, however, important to be aware that not all elevations in body temperature are infection-induced fevers. Body temperature may also rise for a variety of other reasons, for example, during exercise or as a result of sitting in a sauna or hot tub. This sort of rise in temperature is actually a condition known as hyperthermia, rather than fever. During hyperthermia the thermoregulatory set point is not elevated, and as a result the physiological and behavioral responses are all designed to return body temperature to the normal set point. In contrast, the febrile individual is regulating body temperature around an elevated set point. Once a fever has broken and the thermoregulatory set point has returned to normal, the patient is technically hyperthermic until body temperature has also declined. As long as body temperature remains above the thermal set point, the person feels hot, and physiological and behavioral responses are triggered that lower body temperature.
A more fundamental question regarding fever is whether the elevation in body temperature during infection is adaptive; that is, is fever beneficial?
In ancient times, fever was thought to be a response that helped to "cook" the poisons that caused infection. This belief, based on the humoral theory of disease, was espoused by Hippocrates and taught by physicians until the middle 1800s.
With the advent of commercially available antipyretic drugs in the late 19th century, the belief that fever was beneficial began to wane. It is probable that this change in attitude toward fever was attributable to the fact that antipyretic drugs are also analgesics; that is, they reduce pain. The diminution of fever would, therefore, also be accompanied by a lessening of discomfort. This led to the assumption on the part of many that fever was the culprit in illness, rather than a useful host response to the infection. There are, however, few data in the literature that support the claim that fever is harmful unless the temperature increases well above 40°C and the possibility of neurological damage enters into the picture.
One relatively strong argument that has been used to support an adaptive role for fever is that fever is a phylogenetically ancient phenomenon Vertebrates from fishes through mammals develop fevers in response to infection. In coldblooded or ectothermic vertebrates, the raised thermoregulatory set point results in the animal's behavioral selection of a warmer microhabitat. For example, a febrile fish will elevate its body temperature by swimming to a warmer part of a lake or stream. In the artificial habitat of a small aquarium in one's home or in the laboratory, where thermal gradients may not exist, the fish is unable to raise its body temperature to the elevated set point. However, in the wild, there is often enough variation in microhabitat to enable the febrile animal to raise its temperature to the elevated thermal set point. In endotherms, such as human beings, the rise in body temperature is usually accomplished by a combination of behavioral and physiological responses. There are data indicating that even some invertebrates develop fevers in response to substances that are pyrogenic to mammals. Because the regulation of body temperature at an elevated level results in substantial increases in energy expenditure [metabolic rate increases some 10% for each degree Celsius rise), it is unlikely that fever would have evolved and been retained had it no adaptive function.
Are there specific beneficial effects?
In addition to the evolutionary argument outlined above, there are numerous studies demonstrating that small elevations in body temperature, similar to those observed during fever, result in an enhancement of the immune response. Three examples will be briefly discussed. These include increased mobility and activity of white blood cells, stimulation of interferon production and function, and activation of T lymphocytes.
Once a pathogen breaks through the protective skin layer or the epithelial barriers lining the respiratory or digestive system, the body's next line of defense is probably the activation of the polymorphonuclear leukocyte or neutrophil.
This class of white blood cells rapidly migrates to the site of infection and then phagocytizes the foreign substances. Phagocytosis results in a burst of activity leading to the production of many antibacterial substances including hydrogen peroxide, superoxide anion, lysozyme, and lactoferrin. Studies from several laboratoties have shown that febrile temperatures result in more rapid neutrophil migration, ingestion, and secretion of antibacterial chemicals. The interferons are a family of proteins that exert potent antiviral and antitumor, as well as antibacterial, effects. These actions of interferon are enhanced at febrile temperatures. In addition, the in vivo production of interferon in the rhesus monkey is increased at febrile temperatures.
Not only does the production and activity of interferon increase at febrile temperatures, but interferon itself appears to be pyrogenie, perhaps via the production of interleukin 1. As mentioned earlier, interleukin 1 exerts many effects on host defense mechanisms.
Perhaps most widely studied are its effects on the activation of a group of white blood cells responsible for cell-mediated immunity, the T lymphocyte.
The activated T lymphocyte undergoes proliferation, thus enabling it to exert its antiviral and antitumor actions. This T cell proliferation is facilitated by fever.
In addition to the above studies, which have focused on the effects of fever on specific immune functions, there have been several investigations involving the effects of fever on mortality and morbidity during bacterial and viral infections. In general, these studies have s hown th at moderate fevers have a benefici al effect on the outcome of infections. For example, lizards or goldfish infected with bacteria have higher survival rates when they are maintained at febrile tempera tures. Newborn mammals infected with a variety of viruses also have higher survival rates when their body temperature is elevated. Suppression of fever with antipyretic drugs results in increased titer of influenza virus in the respiratory passageways of infected ferrets.. Similarly, increased mortality rates have been reported in bacterially infected rabbits treated with antipyretics. Clinical studies also have shown a correlation between fever and survival rate during a variety of bacterial infections.
Are all fevers good for you?
It is important to emphasize that, although fever probably evolved as an adaptive host-defense response to infection, not all fevers must be beneficial. In terms of evolution, a trait merely needs to have survival value to have evolved and been retained. This simply means that statistically, fever is beneficial.
In individual cases, fever may be maladaptive. For people with heart conditions or wasting due to cachexia, fever might pose an unmanageable stress. High fevers during pregnancy might result in an increased incidence of birth defects. But, for most people, moderate fevers probably serve to boost host defenses and speed recovery. 
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